











APPENDIX VI

Powerline Description

The Cooperative Power Association (CPA)/United Power Association (UPA)
+ 400 kV dc powerline connects the Coal Creek electric generating plant
near Underwood, North Dakota with the Dickinson converter station in
Wright County near Rockford, Minnesota. Coal Creek is a two unit
1ignite minemouth plant capable of generating 1060 megawatts (MW) of
power. CPA has 594 MW of that capacity and UPA has 466 MW.

The powerline is 437 miles long, with 176 miles passing through eight
rural counties of west central Minnesota (Figure 1). The ownership of
the Minnesota portion of the 1ine was transferred by CPA/UPA to the
United States of America acting through the administrator of the Rural
Electrification Administration in September 1980. At the same time the
powerline was leased back to CPA/UPA for the purpose of operating and
managing it.

The powerline is bipolar, direct current (dc), and normally operates at
+ 400 kilovolts (kV). Each of the two pole conductors is made up of a
pair of subconductors, each of which is made up of 47 strands of alumi-
num wire (for low electrical resistivity) wound over 7 strands of steel
wire (for mechanical strength). The subconductor's outside diameter is
3.82 cm (1.504 in.) and the distance between subconductor centers is
45.7 cm (18 in.). The distance between conductors is 12.2 meters (40
feet).

Two, 1.27 cm (0.5 in.) diameter, stranded, galvanized steel, shield
wires are suspended above the pole conductors for lightning protection.

The conductors are supported by steel lattice towers at approximately
one quarter mile intervals (400 meters). The minimum ground clearance
of the conductors is 15.2 meters (50 ft.) in Minnesota and 10.7 meters
(35 ft.) in North Dakota. The actual midspan clearance varies a meter
or more above the minimum depending on ambient temperature, Tine
current, and ice loading. The height of the conductors at the support
towers in Minnesota is typically 30 meters (100 ft.).

The powerline control system regulates line voltage to within 0.625%

of + 397.5 kV at the North Dakota terminal. At any other point on the
1ine, the voltage will be reduced by the voltage drop between that point
and the North Dakota terminal. Since the line resistance is approxi-
mately 14 ohms per pole, the voltage at the Minnesota terminal can vary
from

(397.5 kV) x 1.00625 - (14 ohms) x (125 Amperes) = 398 kV
at minimum load, to
(397.5 kV) x 0.99375 - (14 ohms) x (1500 Amperes) = 374 kV

under overload conditions.
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A reduced voltage (+300 kV) operating mode is available for use under
abnormal conditions such as when the line insulation has not completely
failed but cannot withstand full voltage. This permits Timited power
transmission to continue until repairs can be made.

The powerline is normally operated in the bipolar mode, that is, with
current travelling from one converter station to the other through the
conductor energized at +400 kV with respect to ground, and returning
through the conductor energized at -400 kV. The powerline is capable of
transmitting up to one-half rated power through one conductor when the
other is disabled. During such monopolar operation, current carried by
the operating conductor is returned either through the earth using
ground elecrodes near each converter station ("ground return") or
through the de-energized conductor ("metallic return"). Because monopo-
lar operation is less efficient and reliable than bipolar operation, it
i used primarily for maintainance or repair procedures.

The ac/dc conversion process results in the generation of current har-
monics on the ac side and voltage harmonics on the dc side of each con-
verter. The characteristic dc side harmonics occurs at multiples of 12
times the 60 cycles/second (Hz) fundamental frequency (e.g. 720 Hz,

1440 Hz, etc.). Other harmonics are also present, but at much lower
amplitudes. Since the harmonic frequencies are in the audible range,
they can result in interference if coupled into telephone and other com-
munications networks. For this reason, smoothing reactors and filters
are included at each converter station to greatly attenuate the ampli-
tude of the harmonics on the HVYDC line.

For example, at rated operating conditions, the characteristic dc
voltage harmonics generated by the converters are calculated to be:

Frequency Harmonic Voltage
(Hz) (kV)
720 26.6
1440 12.6
2160 8.3

The smoothing reactors and filters reduce the harmonics to: !

Frequency Harmonic Voltage
(Hz) (kV)
720 3.2
1440 0.97
2160 0.65

The electric fields resulting from the harmonics are small compared to
the dc electric field. For example, the maximum ground level electric
fields resulting from the harmonic voltages given above with a

10.7 meter clearance are:
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Frequency Electric Field
(Hz) {(kV/m)
720 0.077
1440 0.022
2160 - 0.016

Fluctuations in the dc electric field resulting from space charge
distribution variations are usually many times greater than the fields
due to harmonic voltages.

The total electric field, ion current, and ion concentration varies con-
siderably with meteorologic conditions. The Minnesota Department of
Health and the Minnesota Environmental Quality Board have monitoring
programs to determine total electric field, ion current, and small ion
concentration both within the right of way and outside the right of way.

Preliminary results indicate that within the right of way the maximum
electric fields at ground level can exceed +30 kilovolts (kV) per meter
(m) with an average value at 12 meters from the centerline of 10-15
kV/m. Ion current can exceed 70 nanoamperes per square meter with an
average value at 12 meters of 10 nA/m2. The ground level small ion con-
centration can exceed 50,000 ions per cubic centimeter (cm3).

Outside the right of way, small ion concentrations and electric fields
are enhanced on the downwind side of the line. At one quarter mile the
half hour averages of the small ion concentration and of the electric
field can vary from 100 to 4,000 ions/cm3 and from 0.5 to 4 kV/m,
respectively.

The magnetic field resulting from the powerline under normal operating
conditions is static and can be calculated. Figure 2 shows the calcu-
Tated ground level magnetic field profile during bipolar operation at an
overload current of 1,500 amperes.
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APPENDIX VII

Synopsis of Proposed Phase II Study

If significant associations were shown between production, reproduction and
culling of adult animals in the DHIA data based study, a second study was
proposed to examine these associations in greater detail. This would attempt
to document and measure all aspects of recognizable diseases and its effect on
livestock production on farms both exposed and non-exposed to the power line.
Specifically this would examine:

-= incidence, prevalence, geographic and seasonal patterns of specific
diseases,

~= morbidity and mortality.

~—~ reproduction.

-~ yveasons for and rates of disposal of cull animals.
~-= cause(s) of inadequate production.

== non—-gpecific disease syndromes.

=< management.,

-— ability of herds to respond to improved management, nutritional or
disease control programs and meet specific goals.

An alternative prospective study could also be considered in which selected
farms identified in the DHIA study as having problems would be examined in
detail to determine if recognized agents or explanations could account for
these problems. Both exposed and non-exposed farms would be included in such
a study. Any Phase II study would not be anonymous as was the present study.
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Appendix VIII

|
m " UNIVERSITY OF MINNESOTA | Department of Large Animal Clinical Sciences

| TWIN CITIES College of Veterinary Medicine

C339 Veterinary Hospitals
1352 Boyd Avenue
i St. Paul, Minnesota 55108

(612) 373-1810

Herd Code Number
Name (Computer Generated Label)

Address
Town

State Zip

We are writing to ask your assistance in a study being done by the College of
Veterinary Hedicine, to investigate any changes in the overall performance of dairy
cattle herds near the recently constructed and energized CPA/UPA DC power line that
crosses western and central Minnesota. This work will be based on a detailed
analysis of Dairy Herd Improvement (DHI) Association records. To ensure success
of this study, it is crucial that we obtain permission to make use of imdividual
records from as many qualifying DHI herds located within 10 miles either side of
the line as possible.

This study, which is being done for the Minnesota Environmental Quality Board,
will only make use of DHI records of Holstein dairy herds that date back to 1978,
before the line was first energized; to determine if there were any changes in
performance in 1978 or in subsequent years. Specifically; we intend to look at
lactation and production records of individual cows, rolling herd averages before
and after the line was operating, and reported reasons for culling from these
herds. This will be a statistical study that is limited to data previously on
record, but it may reveal whether further in depth studies of effects on livestock
as related to the power line should be undertaken.

Because of your farm location, and the herd sampling before and after the
charging of the power line, your previously computerized records do qualify for
inclusion in this study. Your County Extension Agency or your local veterinarian
are familiar with this study and can answer most questions that you have. In
addition, please feel free to contact Dr. Ashley Robinson at the College of
Veterinary Medicine (address above) or call him collect at (612) 373-1124 for
more information.

If you are willing to allow us to make use of the applicable portions of those
archival DHI records (without further solicitation), please then check the box(es),
sign, and send back to us by return mail the attached release form in the pre-
addressed envelope.

Thanking you in advance for your cooperation.

DI pry
J

D. K. Sorensen . W. Mudg
Associate Dean Extension Dairyman - DHI
College of Veterinary Medicine giversity of Minnesota

HEALTH SCIENC
University of Minnesota



UNIVERSITY OF MINNESOTA

Department of Large Animal Clinical

Twin Cities . Sciences

College of Veterinary Medicine
C339 Veterinary Hospitals
1352 Boyd Avenue
. St. Paul, MN 55108
o (612) 373-1810

Release Form

L

L]

I hereby give permission to the College of Veterinary Medicine,
University of Minnesota to utilize my DHI records for a study
of the effects of the CPA/UPA High Voltage DC Power Line on
dairy cattle performance. I understand that confidentiality
will be maintained, and that no individual identification from
my coded records will be made in the statistical report to

the Minnesota Environmental Quality Board.

{Computer Generated Label)

Signed

Please check this box if you would like a summary copy of the
final report of the study at the end of 1932. ‘

Room for cofmencs:
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